We propose a mathematical knowledge browser which helps people to read mathematical documents. By the browser printed mathematical documents can be scanned and recognized by OCR (Optical Character Recognition). Then the meta-information (e.g. title, author) and the logical structure (e.g. section, theorem) of the documents are automatically extracted.
Introduction
Computers became indispensable devices for mathematics. This phenomenon can be seen by the success of mathematical systems (e.g. Mathematica, Maple) which have been being used for various other fields such as physics and economics.
In order to apply mathematics to the real world, mathematical knowledge should be stored in computers in a way that people can easily use. Even if more and more mathematics is done in formal ways, most of mathematical knowledge is still stored in papers or books. Therefore digitizing mathematical text is still important.
Levels of Digitization
There are several kinds of mathematics digitization. Adams gave some classifications of digitization of mathematics [1] . Based on this consideration, in this paper we introduce five levels of mathematics digitization.
level 1: bitmap images of printed materials (e.g. GIF, TIFF), -level 2: searchable digitized document (e.g. PS, PDF), -level 3: logically structured document with links (e.g. HTML, MathML, L A T E X), -level 4: partially executable document (e.g. Mathematica, Maple), -level 5: formally presented document. (e.g. Mizar[6], OMDoc[4])
Currently most of mathematical knowledge is stored and used mainly in printed materials (level 1) such as books or journals. For being used actively it is preferable that mathematical text is stored in a possibly higher level of digitization. However since making documents digitized to a higher level needs quite a lot of efforts, digitization of mathematical knowledge has not been enhanced so far. Therefore we definitely need software in order to automatize the digitization process in a possibly higher level.
Technologies for Automatization
The automatization can be achieved step by step:
level 1 to level 2: OCR (Optical Character Recognition), In order to retrieve searchable digitized document from bitmap images, OCR is used. With OCR, character sequences can be recognized from bitmap images and then they can be used for searching words. Especially recognition of mathematical formulae is the most important in recognizing mathematical documents. The mathematical formulae recognition has been well investigated, e.g. [8].
level 2 to level 3: Extracting Logical Structure and Hyper Links, Obtained data after OCR are basically characters having positions in a page structured by lines and areas. They do not directly contain meta-information (e.g. author, title) of a paper and structural information (e.g. section, subsection). Also they do not have hyper links which point to internal and external documents. -level 3 to level 4: Semantics Recognition from Presentation, Sometimes executable blocks (e.g. mathematical expressions, algorithms) appear in mathematical text. In level 3 mathematical expressions are described in a two-dimensional (presentational) way. We need to extract semantic expressions from these presentational expressions. Mathematica[10] has standard collections of these transformation rules which retrieve semantics of presentational expressions and one can even define their own style of notation (See MakeExpression function in [10] ). -level 4 to level 5: Understanding Mathematical Document, Usually mathematical statements such as definitions, lemmata, theorems, and proofs are written in natural languages in books or papers. Therefore for treating them in computers we need natural language processing. The first step of the natural language processing is parsing. For parsing it is common to make a corpus which is a set of grammar rules extracted from
